The anterior bed nucleus of the stria terminalis (BNST) has been recognized as a critical structure in regulating trait anxiety, contextual fear memory, and appetitive behavior, and is known to be sensitive to stress manipulations. As one of the most complex structures in the central nervous system, the intrinsic circuitry of the BNST is largely unknown; however, recent technological developments have allowed researchers to begin to untangle the internal connections of the nucleus. This research has revealed the possibility of two opposing circuits, one anxiolytic and one anxiogenic, within the BNST, the relative strength of which determines the behavioral outcome. The balance of these pathways is critical in maintaining a normal physiological and behavioral state; however, stress and drugs of abuse can differentially affect the opposing circuitry within the nucleus to shift the balance to a pathological state. In this review, we will examine how stress interacts with the neuromodulators, corticotropin-releasing factor, norepinephrine, dopamine, and serotonin to affect the circuitry of the BNST as well as how synaptic plasticity in the BNST is modulated by stress, resulting in long-lasting changes in the circuit and behavioral state.
INTRODUCTION
A growing body of evidence suggests that the bed nucleus of the stria terminalis (BNST) plays a crucial role in regulating trait anxiety as well as contextual fear memory formation Kalin et al, 2005; Straube et al, 2007; Walker and Davis, 2008; Duvarci et al, 2009; Oler et al, 2009; Fox et al, 2010; Somerville et al, 2010; Zimmerman and Maren, 2011; Hott et al, 2012; Yassa et al, 2012; Sink et al, 2013; Davis and Walker, 2014) . However, the BNST can be subdivided into at least 16 unique subregions and has been reported to be one of the most complex structures in the entire central nervous system (Ju et al, 1989; Dong et al, 2001b; Dong and Swanson, 2004; Larriva-Sahd, 2006; Bota et al, 2012) . Indeed, recent evidence suggests that the BNST is involved in regulating appetitive as well as aversive behavior. Consequently, understanding the intrinsic circuitry of the BNST and how this circuitry may be affected by stress hormones and neurotransmitters will be key to understanding anxiety in both a normal and pathological state. The heterogeneous nature of the BNST, in which different subregions and cell types modulate anxiety in opposing ways, creates two opposing circuits, the relative strength of which determines the behavioral outcome. Stress can differentially affect the opposing circuitries within the BNST to shift the balance from an anxiolytic to an anxiogenic state.
In this review we will focus our attention on the anterior lateral group of the BNST (BNST ALG ) as it is densely connected with the hypothalamus, amygdala, midbrain, and lower brainstem regions associated with autonomic function, emotional processing, reward, and pain (Dong et al, 2001b; Dong and Swanson, 2004) . The BNST ALG , as defined by Dong and Swanson (2004) , consists of the oval, juxtacapsular, fusiform, and rhomboid (not pictured) nuclei, as well as the undifferentiated region surrounding these nuclei termed the anterolateral area (BNST AL ; Figure 1b ). Many studies also discuss the dorsal and ventral BNST (dBNST and vBNST) separately, defined as the regions dorsal and ventral to the anterior commissure. The BNST regions receive different afferents (for review see McDonald et al, 1999 and Dong et al, 2001a) and have distinct projections (Dong et al, 2000 (Dong et al, , 2001b . In addition, there is a large amount of connectivity in and between the smaller BNST nuclei (Dong et al, 2000 (Dong et al, , 2001b Dong and Swanson, 2004; Turesson et al, 2013) . The vast majority of the neurons in the BNST use γ-aminobutyric acid (GABA) as the primary neurotransmitter; however, there are also a small number of glutamatergic neurons primarily located in the vBNST (Csáki et al, 2000; Jalabert et al, 2009; Jennings et al, 2013b; Turesson et al, 2013) . Finally, the neurons in the BNST also express a vast array of neuropeptides including corticotropin-releasing factor (CRF), enkephalin (ENK), neuropeptide Y (NPY), neurotensin, and somatostatin (SOM) (Walter et al, 1991) . In this review, we will explore how neuromodulators affect the circuitry of the BNST ALG and interact with stress to provide dynamic control over the system. We will then discuss how stress modulates synaptic plasticity in the BNST ALG , resulting in long-lasting changes in the circuit and behavioral state.
INTERACTION OF STRESS WITH NEUROMODULATORS

Corticotropin-Releasing Factor
CRF is a stress hormone that both acts in the BNST ALG to affect anxiety behavior and is produced by BNST ALG neurons (Lee and Davis, 1997; Dabrowska et al, 2013a; Cummings et al, 1983) . The BNST ALG has been shown to be an important site of action for the role of CRF in potentiating anxiety-like behavior and the stress response. CRF infused into the lateral cerebral ventricle increases startle that could The BNST ALG consists of the oval (OV), juxtacapsular (JC), and fusiform (FU) nuclei as well as the undifferentiated anterolateral region (yellow). The dorsal BNST (dBNST) is located dorsal to the AC and includes the OV, JC, and dorsal portion of the anterolateral region (cross-hatch, AD). (c) The distribution of type I-III neurons differs within each nucleus of the dBNST. The location of type I-III neurons was approximated at the time of recording. Inset indicates a bar graph showing the percentage of type I-III neurons in the OV and the AD. Neurons in the gray square were excluded from the analysis as they were considered to be in the transition zone between the OV and the AD. Notably, type III cells were only found in the OV. (d) A schematic of the proposed local circuits in the BNST ALG and the downstream consequences of activation. Different subregions and cell types modulate anxiety in opposing ways, creating two opposing circuits, an anxiogenic pathway (red) and an anxiolytic pathway (blue), the relative strength of which determines the behavior outcome. In this theoretical model, the anxiogenic and anxiolytic pathway reciprocally inhibit one another. Dashed line with perpendicular ends indicates postulated inhibitory connections; dashed line with arrow at end indicates postulated excitatory connection; solid line with perpendicular end indicates known inhibitory connection. AD, anterodorsal BNST; CRF, corticotropin-releasing factor; GABA, γ-aminobutyric acid; Glut, glutamate; PKCδ, protein kinase C-δ; vBNST, ventral BNST.
be blocked with either lesions of the lateral BNST or microinfusion of a CRF antagonist into the BNST ALG (Lee and Davis, 1997) . In addition, intra-BNST infusion of CRF increases anxiety-like behaviors in the elevated plus maze (Sahuque et al, 2006) , increases retention in an inhibitory avoidance task (Liang et al, 2001) , produces a conditioned place aversion (Sahuque et al, 2006) , and induces reinstatement of cocaine seeking (Erb and Stewart, 1999) . The CRFrelated peptides, urocortin 1, 2, and 3, may also contribute to CRF signaling in the BNST (Bale and Vale, 2004; Kormos and Gaszner, 2013; Koob, 2010) . Not only does CRF act in the BNST ALG to affect anxiety-like behaviors and responses to stress, but the BNST ALG also contains CRF-producing neurons that are responsive to stress (Cummings et al, 1983; Dabrowska et al, 2013a; Day et al, 1999; Ju et al, 1989) . CRF mRNA in the BNST ALG increases after exposure to corticosterone (Makino et al, 1994) , acute foot-shock, and the α2 adrenoreceptor antagonist, yohimbine, a pharmacological stressor (Funk et al, 2006) . Hence, it is evident that CRF plays a crucial part in the role of the BNST ALG in modulating stress and anxiety.
Importantly, CRF acts presynaptically to enhance glutamatergic transmission in the dorsal lateral BNST ALG , effectively tuning the BNST ALG to whichever inputs are carrying the CRFR1 receptor. Application of CRF onto the BNST ALG in vitro increases the frequency of spontaneous excitatory postsynaptic currents (sEPSCs); an effect that is blocked by application of the selective CRF receptor 1 antagonist, NBI27914 (NBI) (Kash et al, 2008) . Moreover, withdrawal from chronic intermittent ethanol (CIE) exposure, a potent stressor, has been shown to enhance glutamatergic tone onto BNST neurons that project to the ventral tegmental area (VTA) (Silberman et al, 2013) . Notably, the CIE effect was blocked with pretreatment of NBI, indicating that with CIE withdrawal, CRF acts through a CRFR1-dependent mechanism in vivo to enhance glutamatergic input onto BNST ALG neurons. Although it seems as though glutamatergic input is increased by CRF throughout the BNST ALG (including regions both dorsal and ventral to the commissure), it is unknown which specific inputs are being modulated by CRF transmission and/or whether all of the inputs are equally affected by stress. More targeted optogenetic manipulations may begin to address this issue. Interestingly, CRF has been reported to depolarize a subset of neurons in the dBNST that are thought to be local interneurons, potentially counteracting the increase in glutamatergic input into the system (Ide et al, 2013) .
Although it is clear that CRF acts in the BNST ALG to affect anxiety-like behavior, the origin of CRF is unknown, as the BNST ALG contains both CRF-containing neurons and CRF fibers. The lateral division of the central nucleus of the amygdala (CeA L ) also produces CRF (Day et al, 1999) and contributes to the CRF-immunoreactive fibers found in the dBNST (Sakanaka et al, 1986) . It has been proposed that it is CRF from the CeA L that acts in the BNST to produce the BNST-dependent effects of CRF (Walker et al, 2009) . Indeed, there is evidence for a serial flow of activation from the CeA to the BNST; morphine withdrawal induces c-fos expression in the BNST and CeA, and lesions of the CeA reduce c-fos expression in the BNST, whereas lesions of the BNST have no effect on c-fos expression in the CeA (Nakagawa et al, 2005) . In a study using a cross-lesion design to examine the CRF-containing pathway from the CeA to the BNST in stress-induced reinstatement of cocaine seeking, tetrodotoxin infused into the CeA of one hemisphere and CRF antagonist infused into the BNST of the opposite hemisphere reduced stress-induced reinstatement compared with the unilateral manipulation, indicating that the actions of CRF in the BNST are, at least in part, dependent on CeA activity (Erb et al, 2001) . Similarly, a unilateral lesion of the amygdala and CRF antagonist infused into the contralateral BNST reduced, but did not block, social defeat in Syrian hamsters (Jasnow et al, 2004) . Importantly, in both studies, the bilateral manipulation did not block reinstatement completely, suggesting that although the CeA is one source of CRF in the BNST ALG , it is not the only source.
Recently, evidence is growing for a role in local CRF release affecting the excitability of the BNST ALG . Hence, dopamine (DA) release in the BNST has been reported to enhance excitatory transmission through an indirect action at CRFR1 receptors (Kash et al, 2008) . Although it is possible that DA acts on CRF terminals from the CeA to increase CRF release in the BNST, there is also likely a direct action of DA on CRF neurons. A subpopulation of BNST ALG neurons are significantly depolarized in response to DA application (Kash et al, 2008) . Significantly, preliminary single-cell RT-PCR data from our lab show that mRNA for the D1 receptor is expressed exclusively in CRF cells dorsal to the commissure. Together, these data indicate that DA may be acting on CRF neurons in the oval nucleus of the BNST to increase local CRF release, thereby enhancing excitatory transmission. In addition, the β-adrenergic receptor agonist, isoproterenol, enhances excitatory transmission in the BNST through a CRFR1-dependent mechanism (Nobis et al, 2011) . In fact, using a CRF-tomato mouse line to visualize CRF cells, in vitro patch-clamp recordings showed both DA and isoproterenol depolarize CRF neurons in the BNST (Silberman et al, 2013) . This physiological evidence along with the cross-lesion studies described above indicate that both CRF from the CeA L and the BNST act in the BNST to affect anxiety behavior and the response to stress. Future studies should begin to determine whether CRF from the CeA L and the BNST work together or whether they are differentially activated by specific stressors.
There are at least two distinct populations of CRF neurons in the BNST ALG : those found in the oval nucleus dorsal to the anterior commissure, and those found in the fusiform nucleus ventral to the commissure (Cummings et al, 1983; Ju et al, 1989) . Intriguingly, stress can cause an increase in the expression of CRF mRNA in these nuclei; however, not every stressor causes a change in mRNA expression in both populations of CRF neurons, implying that they are functionally distinct cell populations. Dorsal and ventral CRF mRNA both increase after an intermittent foot-shock stressor, but are differentially affected by social defeat and yohimbine, with social defeat only increasing CRF mRNA in the vBNST and yohimbine only increasing that of the dBNST (Funk et al, 2006) . CRF mRNA in the dBNST but not vBNST increased after chronic mild stress (Kim et al, 2006) . Similarly, high levels of subcutaneous corticosterone over 14 days resulted in increased levels of CRF mRNA in dBNST but not vBNST (Makino et al, 1994) . In another study, no change in CRF mRNA was observed after foot-shock alone, but an increase in CRF mRNA in the dBNST but not vBNST was observed after foot-shock in animals that have been extinguished from self-administration of heroin (Shalev et al, 2001) . Finally, following hypertonic saline injection, the amount of CRF mRNA in the oval nucleus decreased, whereas it increased in the fusiform nucleus of the BNST (Watts et al, 1995 ) (see Table 1 for summary of these results). Beyond differences in responding to stress, the CRF neurons of the oval and fusiform nuclei may be distinct on a more fundamental level. The CRF neurons in the oval nucleus are known to be GABAergic, unlike the CRF neurons of the periventricular nucleus of the hypothalamus (PVN) that coexpress glutamate (Dabrowska et al, 2013a) . However, it is still unknown whether the CRF neurons in the fusiform nucleus are glutamatergic or GABAergic. In fact, there has been significant confusion in the literature on this topic (Choi et al, 2007; Radley et al, 2009) . Nevertheless, these data suggest that the CRF neurons of the oval and fusiform nucleus are distinct cell populations that differentially respond to stress.
At least three different types of neurons in the dorsal BNST ALG of the rat have been recognized based on their spiking and rectification properties and rebound depolarization in response to hyperpolarizing and depolarizing current injection: type I (regular spiking), type II (low-threshold bursting), and type III (fast inward rectifiers) (Hammack et al, 2007; Rodríguez-Sierra et al, 2013) . The electrophysiological profile of neurons in the BNST ALG may be indicative of what proteins are being expressed by that cell, including CRF. In addition to the different electrophysiological properties of these neurons, single-cell RT-PCR revealed that the different cell types expressed the mRNA for distinct complements of ion channels and serotonin receptors (Hazra et al, 2012) . Importantly, nearly all of the type III cells express the mRNA for CRF (Dabrowska et al, 2013a) . In a transgenic mouse line in which GFP is exclusively expressed in CRF-containing neurons (Martin et al, 2010) , we have preliminary data showing that the GFP cells in the BNST share many of the same electrophysiological characteristics as type III neurons in the rat. Another transgenic mouse line, a CRF-tomato reporter line, has also been used to record from CRF neurons in the BNST (Silberman et al, 2013) . In this mouse, the CRF neurons in the BNST were not of a consistent electrophysiological profile, but rather, based on the voltage responses to hyperpolarizing and depolarizing current injections, there were some CRF neurons that fit into each cell-type classification as well as some that did not fit into any of the predefined cell types. This inconsistency brings up multiple questions regarding the use of cell-type classification and transgenic reporter mice. First, the cell types that were defined in the rat BNST have not been confirmed to exist in the mouse. We have observed all three cell types in the mouse, but in a different proportion from what is seen in the rat BNST, as well as some cells that do not fit into the any of the predefined cell types (unpublished observation). Therefore, we must use caution when we apply concepts shown in one species to another. In addition, it is possible that a CRF transgenic reporter line could inadvertently label more neurons than ones that express functional levels of the CRF peptide. Many cells express low (or even high) levels of an mRNA transcript without functionally expressing the corresponding protein (Tropea et al, 2001) ; however, the hypothalamic field has relied on measuring CRF mRNA as a proxy for CRF peptide and found these measures to be reliable (Imaki et al, 1991; Swanson and Simmons, 1989) . In a reporter line, the fluorescent protein is created regardless of whether, or not, the CRF mRNA is translated into functional protein. Hence, the apparent disparity in the electrophysiological phenotype of CRF neurons may be attributed to ectopic expression in the reporter line used by Silberman et al (2013) . Indeed, the expression of the tomato fluorescence seems to extend beyond the oval nucleus where immunohistochemical studies have localized CRF cells (Silberman et al, 2013; Sawchenko and Swanson, 1985; Swanson et al, 1983) . However, immunohistochemistry is (Makino et al, 1994; Watts et al, 1995; Shalev et al, 2001; Funk et al, 2006; Kim et al, 2006) Physical and pharmacological stressors increase CRF mRNA in the BNST (+), but this change is not always equal across the dorsal and ventral BNST. Some stressors that increase CRF mRNA in one region (+) have no effect on the level of CRF mRNA in the other (no change (n.c.)) or display a greater increase in CRF mRNA (++).
not without its faults and may be underrepresenting CRF protein expression in the BNST. In this case the GFP reporter line may not label all CRF neurons in the BNST. Regardless, in the rat, 95% of type III cells express the mRNA for CRF (Dabrowska et al, 2013a) . Furthermore, type III neurons are only found in the region of the oval nucleus of the rat BNST, where CRF neurons are located, and not in the undifferentiated anterolateral region (Figure 1c , unpublished observation). Together, these data indicate that type III neurons in the dBNST express CRF. CRF neurons in the dBNST also express distinct receptors and proteins. For example, in the oval nucleus, striatalenriched protein tyrosine phosphatase (STEP; also called Ptpn5) immunoreactivity has almost total colocalization with CRF immunoreactivity, and all type III neurons express the mRNA for STEP (Dabrowska et al, 2013b) . STEP is known to regulate long-term potentiation (LTP) in the amygdala (Paul et al, 2007; Yang et al, 2012) , and its role in synaptic plasticity in CRF neurons in the BNST will be discussed later on in this review. Preliminary evidence from our lab suggests the D1 subtype of the DA receptor is also specifically expressed in type III CRF cells in the BNST. This is supported by the finding that DA directly depolarizes CRF neurons in the dBNST, presumably by acting through the G S -coupled D1 receptor (Silberman et al, 2013) . Determining more biochemical/molecular ways in which CRF neurons in the BNST are distinct from other cell types has the potential to lead to the discovery of drugable targets that could isolate these neurons and modulate a crucial component of anxiety behavior.
Although studies have shown that CRF neurons in the BNST are responsive to stress manipulations as mentioned above, new technologies that allow us to target specific groups of cells are going to be critical in determining the role of BNST CRF neurons in anxiety behavior. A recent study has shown that distinct subregions of the BNST can have opposing actions in modulating anxiety (Kim et al, 2013) . In this study, the oval nucleus was targeted with the injection of a Cre-dependent enhanced form of the halorhodopsin (eNpHR3.0) virus into the BNST of mice that express Cre in cells that express the D1 receptor (Drd1a::cre). Unsurprisingly, as CRF neurons express the D1 receptor and are localized in the oval nucleus, this mouse line shows eNpHR3.0 expression restricted to the oval nucleus of the BNST. Optogenetically inhibiting the oval CRF neurons in the BNST resulted in a decrease in anxiety-like behavior in the elevated plus maze and open field test as well as a decrease in respiratory rate, consistent with an anxiogenic role for the oval CRF neurons (Kim et al, 2013) . These CRF neurons were also shown to send an inhibitory projection to the undifferentiated anterodorsal (AD) region of the BNST. Conversely, optogenetically inhibiting the AD region of the BNST resulted in an increase in anxiety-like behavior and respiratory rate, suggesting an anxiolytic role of this region. These data indicate that the oval CRF neurons could directly promote anxiety by release of CRF and indirectly by inhibiting the anxiolytic projection from the AD region of the BNST. In fact, in another study chemogenetically inhibiting CRF neurons using the DREADD (designer receptor exclusively activated by designer drugs) system caused a reduction in anxiety-like behavior (Pleil et al, 2015) . CRF neurons in the BNST are thought to make local connections as well as project out of the nucleus to regions involved in emotion processing including the PVN, VTA, periaqueductal gray (PAG), dorsal potion of the dorsal raphe (DRD), and locus coeruleus (LC) Dabrowska and Rainnie, 2014; Meloni et al, 2006; Rodaros et al, 2007; Silberman et al, 2013; Van Bockstaele et al, 1999) . These projections could contribute to the anxiogenic role of the BNST CRF neurons and/or activate a compensatory mechanism, such as a negative feedback loop, to put a brake on the anxiety response. Isolating the projections, inputs, and function of the different CRF cell populations in the BNST and how they are affected by stress will be an important step to understanding the circuit.
The oval CRF neurons that project out of the oval nucleus to promote anxiety-like behavior are sitting within a predominantly GABAergic nucleus, suggesting that local interneurons could provide an inhibitory control over the output of the CRF neurons. A microcircuitry for modulation of CRF neurons by local GABA neurons has recently been described in the CeA L (Haubensak et al, 2010; Sakanaka et al, 1986) . The CRF neurons in the CeA L are a distinct population from neurons expressing the neuronal marker, PKC-δ (Haubensak et al, 2010) . These PKC-δ + neurons form local and reciprocal inhibitory connections with the PKC-δ − cells in the CeA L (Haubensak et al, 2010) . In addition, electrically inhibiting the PKC-δ + cells was shown to enhance fear. Similarly, PKC-δ is also expressed in the oval nucleus of the BNST, and a PKC-δ antibody labels a population of cells largely separate from those labeled by the STEP antibody ( Figure 2 ). As STEP has been shown to colocalize with CRF cells in the BNST (Dabrowska et al, 2013b) , we can infer that PKC-δ neurons in the BNST are a separate population of neurons from the CRF neurons in the oval nucleus. In fact, our recent single-cell RT-PCR data showed that only type II cells in the BNST expressed the mRNA for PKC-δ (unpublished observation). As the BNST is in many ways an extension of the central amygdala (Alheid and Heimer, 1988) , it is reasonable to hypothesize the local circuitry in the BNST may mirror that of the CeA, with PKC-δ + and CRF neurons reciprocally inhibiting one another. Whereas PKC-δ + neurons in the CeA L represent 'fear off' neurons (Haubensak et al, 2010) , perhaps type II PKC-δ + cells represent 'anxiety off' neurons in the BNST (Figure 1d ). In addition to inhibition via local GABAergic connections, CRF action and CRF neurons themselves are opposed by NPY (Ide et al, 2013; Kash and Winder, 2006; Pleil et al, 2015) . In fact, NPY in the BNST has been shown to block CRF-induced place aversion (Ide et al, 2013) . More studies on peptides and the local circuitry involved in the regulation of CRF neuron activity are needed to better understand how the BNST modulates anxiety.
Norepinephrine
The BNST receives dense noradrenergic input from the ventral noradrenergic bundle (VNB) and lighter input from the dorsal noradrenergic bundle (DNB) (Park et al, 2009 ). The norepinephrine (NE) terminals are densest in the vBNST (Egli et al, 2004; Phelix et al, 1994) ; however, NE also acts in the dBNST to affect synaptic transmission and behavior (Hott et al, 2012; Leri et al, 2002a; McElligott et al, 2010; Nobis et al, 2011; Silberman et al, 2013) . The A1 cell group in the caudal ventrolateral medulla contributes to the VNB and is the strongest source of NE in the vBNST (Banihashemi and Rinaman, 2006; Forray et al, 2000; Park et al, 2009; Shin et al, 2008) . The nucleus of the solitary tract (A2 cell group) also provides a strong NE input through the VNB (Banihashemi and Rinaman, 2006; Forray et al, 2000) . Finally, there is a potential small NE input from the LC through the DNB, but the support for this connection is weak and, unlike the inputs from the VNB, inputs from the LC are not involved in stress-induced reinstatement of drug seeking (Aston-Jones et al, 1999; Forray et al, 2000; Park et al, 2009; Shaham et al, 2000) .
Norepinephrine has both a tonic and phasic control over the BNST ALG . There is a rise in NE release in the vBNST as a result of aversive stimuli including immobilization stress, being exposed to a context that was previously associated with a foot-shock, tail pinch, and an aversive tastant (Cecchi et al, 2002; Onaka and Yagi, 1998; Park et al, 2012 Park et al, , 2015 . NE is also released into the BNST when a rewarding stimulus is not received when expected (Park et al, 2013) . In addition, there is evidence that NE is released into the BNST in basal conditions to modulate glutamatergic transmission (Forray et al, 1999) . Together, these data suggest that NE in the BNST tonically modulates input into the BNST and participates in the response to aversive stimuli, including the lack of an anticipated reward.
NE acts in the BNST to promote fear and anxiety-like behavior as well as stress-induced reinstatement of drug seeking and symptoms of opiate withdrawal (Cecchi et al, 2002 (Cecchi et al, , 2007 Fendt et al, 2005; Hott et al, 2012; Leri et al, 2002b; Mantsch et al, 2014; Vranjkovic et al, 2012) . Rodents are innately afraid of the odor of predators, such as the fox. Exposure to a component of fox odor, trimethylthiazoline (TMT), increases c-fos expression in the oval BNST, LC, and nucleus of the solitary tract (NTS), indicating that both norepinephrine and the BNST are involved in the fear response (Day et al, 2004) . Indeed, NE release increases in the vBNST during TMT exposure (Fendt et al, 2005) . Clonidine, an α 2 -AR agonist, acts on the presynaptic α 2 -AR autoreceptors to inhibit NE release into the vBNST, thereby blocking the rise in NE caused by exposure to TMT. This treatment also blocks the fear behavior induced by TMT exposure, indicating that NE transmission in the vBNST is critical for the fear behavior (Fendt et al, 2005) .
NE can act on four subtypes of adrenoreceptors in the BNST: β 1 -AR, β 2 -AR, α 1 -AR, or α 2 -AR. Specific agonists and antagonists to these receptors have helped to elucidate the unique role of each receptor variant in the BNST. The behavioral and physiological mechanism of NE action in the BNST is summarized in Table 2 . As mentioned previously, the α 2 -AR primarily acts as a presynaptic autoreceptor to inhibit the release of NE into the BNST (Forray et al, 1999; Park et al, 2009) , and is therefore able to block fear behavior toward TMT (Fendt et al, 2005) as well as reduce stressinduced reinstatement of drug seeking . The other three adrenoreceptors are believed to act primarily through a postsynaptic mechanism in the BNST.
The β-adrenergic receptors are involved in both anxietylike behavior and drug withdrawal. A cocktail of β 1 -AR and β 2 -AR antagonists (betaxol+ICI118,551) in the BNST blocks anxiety-like behavior after an acute immobilization stress (Cecchi et al, 2002) . Similarly, a nonselective β-AR antagonist, phentolamine, in the BNST reduced freezing in a context previously paired with shock (Hott et al, 2012) . A selective β 1 -AR antagonist (CGP20712), but not β 2 -AR antagonist (ICI118,551), replicated this reduction in anxietylike behavior. From these data we can conclude that β-adrenergic signaling, primarily β 1 -adrenergic signaling, in the BNST promotes anxiety-like behavior. The β-adrenergic receptors are also involved in stress-induced drug reinstatement and opiate withdrawal. Hence, β-AR blockade in the BNST dose-dependently attenuates foot-shock-induced reinstatement of cocaine seeking but not cocaine-induced reinstatement of cocaine seeking (Leri et al, 2002b) , and a β 2 -AR antagonist in the BNST by itself was enough to attenuate reinstatement (Mantsch et al, 2014) . Another study using swim stress to induce reinstatement of cocaine seeking found a cooperative role of both β 1 -AR and β 2 -AR in reinstatement (Vranjkovic et al, 2012) . Together, this suggests that both β-ARs in the BNST facilitate stressinduced reinstatement. The β-ARs also play a role in symptoms of opiate withdrawal. Blocking both β 1 -AR and β 2 -ARs abolishes withdrawal-induced place aversion (Aston-Jones et al, 1999) . A selective β 1 -AR antagonist in the dBNST blocks withdrawalinduced aversion and attenuates opiate-withdrawal symptoms in rats with high reactivity to novelty (Cecchi et al, 2007) . Overall, β-ARs act in the BNST to contribute to opiate-withdrawal symptoms and promote anxiety-like behavior and stressinduced reinstatement of drug seeking.
Like the β-ARs, the α 1 -AR also promotes anxiety-like behavior. A selective α 1 -AR antagonist (WB4101), but not α 2 -AR antagonist (RX821002) in the BNST reduced freezing in a context previously paired with foot-shock (Hott et al, 2012) . In addition, the selective α 1 -AR antagonist, benoxathian, blocked anxiety-like behavior and reduced the plasma levels of adrenocorticotropin hormone (ACTH) after an acute stressor (Cecchi et al, 2002) . Intriguingly, this suggests that although both β-ARs and α 1 -AR promote anxiety-like behavior, only the α 1 -AR facilitates activation of the hypothalamic-pituitary-adrenal (HPA) axis. Furthermore, the α 1 -ARs are not involved in stress-induced drug reinstatement (Vranjkovic et al, 2012) . The similar yet distinct roles of the α-and β-ARs in the BNST suggest that these receptors work through distinct mechanisms activating both separate and overlapping pathways in the BNST.
Both β-ARs are metabotropic receptors generally linked to the G S protein and act to facilitate synaptic transmission in the BNST. Although the majority of the noradrenergic afferents are found in the vBNST, the β-ARs primarily act in the dBNST; however, the lack of effect seen in the vBNST could be due to desensitization of receptors in this region (Egli et al, 2004) . In fact, activation of β-ARs in the vBNST has been shown to mediate the negative affective component of pain in rats (Deyama et al, 2008) . Regardless, there is no direct physiological evidence of the action of β-ARs in the vBNST at this time. In the dBNST, the nonspecific β-AR agonist, isoproterenol, increases the frequency of spontaneous EPSCs (Nobis et al, 2011; Silberman et al, 2013) . This effect can be blocked by application of a β 1 -AR-but not β 2 -AR-specific antagonist, suggesting that the facilitation of glutamatergic transmission occurs through the β 1 -AR (Nobis et al, 2011) . As mentioned previously, this enhancement of excitatory transmission in the BNST acts through a CRFR1-dependent mechanism (Nobis et al, 2011) . Isoproterenol directly depolarizes CRF neurons in the dBNST (Silberman et al, 2013) , potentially increasing local CRF release that would then act on presynaptic CRFR1 receptors to facilitate glutamatergic transmission. However, it is unknown whether the β-AR is also increasing CRF release in the BNST by (Leri et al, 2002a) . Symptoms of opiate withdrawal including withdrawal-induced place aversion (Aston-Jones et al, 1999). Anxiety-like behavior after an acute stressor (Cecchi et al, 2002) .
Depolarize CRF neurons in dBNST (Silberman et al, 2013) . Facilitation of GABA transmission in vBNST in acute withdrawal (Dumont and Williams, 2004) . (Hott et al, 2012) . Symptoms of opiate withdrawal (Cecchi et al, 2007) .
Enhance glutamatergic transmission through CRFR1 (Nobis et al, 2011) .
β 2 -AR Stress-induced reinstatement of drug seeking (Mantsch et al, 2014) . Increase excitatory transmission in dBNST (Egli et al, 2004) .
α 1 -AR Expression of context fear (Hott et al, 2012) . Anxiety-like behavior and HPA axis activation after an acute stressor (Cecchi et al, 2002) .
Depolarize subpopulation of BNST cells; increase GABAergic transmission in vBNST (Dumont and Williams, 2004) LTD in dBNST and vBNST (McElligott and Winder, 2007; McElligott et al, 2010) . Increase NE release (Forray et al, 1999; Park et al, 2009) α 2 -AR Blocks stress-induced reinstatement of drug seeking, expression of fear, and other NE actions (Fendt et al, 2005; Shaham et al, 2000) .
Presynaptic autoreceptor; inhibits NE release (Forray et al, 1999; Park et al, 2009) . acting on CRF-terminals originating in the CeA. It is possible that NE is increasing CRF release into the BNST by acting on CRF neurons in both the dBNST and CeA. In fact, although β-AR blockade in the BNST dose-dependently attenuates foot-shock-induced reinstatement of drug-seeking, β-AR blockade in the CeA completely blocks reinstatement (Leri et al, 2002a) . Furthermore, there is evidence for a role in the CRF projection from the CeA to the BNST in stress-induced reinstatement (Erb et al, 2001) . If CRF from the CeA is necessary for stress-induced reinstatement, and if NE acts in the CeA to enhance CRF release, then this could explain how β-AR blockade in the CeA completely blocks stress-induced reinstatement. In this model, β-ARs on CRF neurons in both the CeA and BNST would facilitate CRF release in the BNST, but only the CeA projection is necessary to produce stressinduced reinstatement. In contrast, local CRF release from the BNST acts to modulate the magnitude of the increase in glutamatergic transmission. Regardless of the source of the CRF input in the BNST, these studies indicate that NE interacts with CRF to increase the glutamatergic transmission in the BNST, in effect, amplifying the salient inputs into the BNST during times of stress. In contrast, another study showed a similar effect of isoproterenol in the dBNST; the nonselective β-AR agonist enhanced excitatory transmission, but this was only blocked by the β 2 -AR-specific antagonist, ICI-118,551, suggesting a β 2 -AR-dependent mechanism (Egli et al, 2004) . It is possible that this study was actually looking at a different form of modulation of glutamatergic transmission in the dBNST that is β 2 -AR dependent. In fact, there are important differences in the effects seen in this study and the studies done by Nobis et al (2011) . Egli et al (2004) showed no significant change in the paired-pulse ratio after isoproterenol, indicating this effect is not presynaptic. In contrast, Nobis et al (2011) did show a significant change in the paired-pulse ratio indicating an increase in presynaptic glutamate release. It is possible the β 2 -AR-dependent enhancement of excitatory transmission in the dBNST is a different mechanism than the β 1 -AR-and CRFR1-dependent enhancement.
Whereas β-ARs act primarily in the dBNST to facilitate excitatory transmission, activation of the α 2 -AR subtype attenuates excitatory transmission in both the dBNST and vBNST (Egli et al, 2004) . In the vBNST, application of NE only decreases excitatory transmission. However, in the dBNST, there are two competing effects of NE: the facilitation of glutamatergic transmission through β-ARs and the inhibition of glutamatergic transmission through α 2 -AR. In field recordings in the dBNST, NE application resulted in a facilitation of glutamatergic transmission 62.2% of the time, but in 37.8% of the recordings, NE resulted in a long-lasting decrease of glutamatergic transmission (Egli et al, 2004) . Because these data are from extracellular recordings, it is unclear whether these competing processes are occurring in individual or separate cells. Interestingly, glutamatergic input from the parabrachial nucleus to the dBNST is sensitive to the α 2 -AR agonist, guanfacine, whereas glutamatergic input from the basolateral amygdala (BLA) is not, suggesting specificity in noradrenergic modulation of inputs into the BNST (Flavin et al, 2014) . The modulation of the β-and α 2 -AR pathways could tip the scale in either direction. For example, administration of α 2 -AR agonists blocks foot-shock-induced reinstatement of heroin seeking (Erb et al, 2000) . In that vein, facilitation of the α 2 -AR pathway could suppress the NE-induced increase in glutamatergic transmission in the dBNST, thereby decreasing some of the behavioral actions of NE.
In addition to modulating glutamatergic transmission in the BNST, NE has also been shown to enhance GABAergic transmission in the vBNST. Neurons in the vBNST that project to the VTA, labeled with fluorescent microspheres that were injected into the VTA and retrogradely transported to the vBNST, only exhibit a small hyperpolarization in response to NE application, whereas unlabeled vBNST neurons exhibit a large depolarizing response (Dumont and Williams, 2004) . However, VTA-projecting neurons show an increase in frequency of spontaneous GABA A IPSCs with application of NE, raising the possibility that the non-VTA-projecting neurons in the vBNST send a GABAergic projection to the VTA-projecting vBNST neurons. This increase in frequency of IPSCs is blocked by the α 1 -AR antagonist, prazosin, indicating it is an α 1 -AR-dependent effect. The same increase in GABA A IPSCs occurs in rats after withdrawal from a 5-day treatment with morphine; however, this effect is attenuated by the nonselective β-AR antagonist, propranolol, as well as prazosin (Dumont and Williams, 2004) . In addition, the protein kinase A (PKA) inhibitor H89 also attenuates this effect only in animals treated with morphine. Chronic morphine treatment can result in a hyperactive adenylyl cyclase (AC)/PKA pathway, and β-AR G S -signaling cascade results in activation of this pathway. These data suggest that during morphine withdrawal, β-ARs are recruited into facilitating GABAergic transmission onto VTA-projecting vBNST neurons through an overactive AC/PKA pathway (Dumont and Williams, 2004) . This increased inhibitory drive could come from the local GABA neurons in the vBNST and/or GABAergic neurons in the dBNST. A nonspecific β-AR agonist is known to depolarize the GABAergic CRF neurons in the dBNST, but we do not know whether activation of α 1 -ARs would have a similar effect (Silberman et al, 2013) . There is a strong inhibitory connection from the dBNST to the vBNST, supporting the idea that some of the inhibitory control of VTA-projecting neurons in the vBNST originates from the dBNST .
The α 1 -ARs are also implicated in modulating glutamatergic transmission in the BNST. In both the dorsal and ventral BNST, activation of α 1 -ARs causes a G q receptordependent long-term depression (LTD) of glutamatergic transmission in the BNST (McElligott and Winder, 2007; McElligott et al, 2010) . This G q -dependent plasticity is maintained by a loss of functional calcium-permeable AMPA receptors (CP-AMPARs) and is modulated by stress (McElligott et al, 2010) . After 10 days of chronic restraint stress, which increases extracellular levels of NE in the BNST, Stress modulation of the BNST SE Daniel and DG Rainnie α1-AR LTD was blocked in the vBNST and significantly attenuated in the dBNST (McElligott et al, 2010) . This was because of a loss of function of CP-AMPARs. Chronic restraint stress caused an increase of NE release into the BNST that acted on α1-ARs in vivo resulting in LTD, thereby already decreasing the function of the CP-AMPARs by the time of the in vitro recordings. The authors hypothesize that, as a GABAergic nucleus, the BNST acts as a brake on the PVN and the amygdala. After stress, the LTD disengages that brake, resulting in an unregulated stress axis and limbic system (McElligott et al, 2010) . However, this interpretation must be reexamined in light of recent evidence that the different nuclei of the BNST ALG have opposing roles in anxiety-like behavior (Kim et al, 2013) . Therefore it is unlikely that the BNST as a whole acts as a brake on the PVN and amygdala. However, this LTD does change the set point for the response to future incoming stimuli.
To summarize, NE is released into the BNST during stress and other aversive events. It acts in the dBNST through β-ARs to increase CRF release and facilitate the glutamatergic input into the dBNST (Egli et al, 2004; Nobis et al, 2011; Silberman et al, 2013) . In this way, NE tunes the dBNST to possible salient inputs potentially increasing the output of the anxiogenic portion of the dBNST to increase anxiety-like behaviors (Cecchi et al, 2002; Hott et al, 2012) . Although there are both anxiolytic and anxiogenic outputs in the dBNST, the predatory odor TMT that causes an increase in NE release into the BNST specifically increases c-fos expression in the oval BNST that is known to be a significant contributor to the anxiogenic pathway (Day et al, 2004; Fendt et al, 2005; Kim et al, 2013) . NE also acts in the vBNST on α 1 -ARs, perhaps more strongly than the actions in the dBNST because of more NE release in this region (Egli et al, 2004; Phelix et al, 1994) . Here NE application results in increased local GABAergic transmission potentially inhibiting the anxiolytic projection from the vBNST (Dumont and Williams, 2004) . Action on α 1 -ARs may also cause a feedforward increase in NE release into the BNST (Forray et al, 1999; Park et al, 2009 ). The α 2 -ARs, however, act to control the effects of NE in the BNST. Activation of α 2 -ARs inhibits NE release and decreases excitatory transmission (Egli et al, 2004; Forray et al, 1999; Park et al, 2009) . After chronic stress, the prolonged NE release may cause LTD of glutamatergic transmission in the dBNST and vBNST through the α 1 -ARs (McElligott et al, 2010) . Because chronic stress results in an increase in anxiety-like behavior, it is hypothesized that this LTD inhibits the anxiolytic pathway in the BNST. However, although unlikely, it is also possible that this LTD is a compensatory mechanism for the increase in excitatory transmission into the BNST. More research needs to be done on the effect of chronic stress on NE actions in the BNST. As the literature stands, it seems the β-ARs and α 1 -ARs act to potentiate the anxiogenic pathway and inhibit the anxiolytic pathway in the BNST, whereas the α 2 -AR stands alone in its ability to inhibit the anxiogenic effects of NE release. Modulating these opposing noradrenergic pathways may be a potential target in the treatment of drug addiction and anxiety disorders.
Dopamine
The BNST receives dopaminergic input from the PAG, VTA, and, to a lesser extent, the substantia nigra pars compacta (Hasue and Shammah-Lagnado, 2002; Meloni et al, 2006) . Injections of the retrograde tracer Fluoro-Gold (FG) into the dBNST combined with tyrosine hydroxylase immunofluorescence revealed that the A10dr and A10dc dopaminergic cell groups in the PAG are the strongest sources of dopaminergic afferents in the dBNST (Meloni et al, 2006) . Similar to NE, there is both anatomical and functional evidence that DA interacts with CRF in the BNST to affect stress behaviors (Day et al, 2002; Kash et al, 2008; Meloni et al, 2006; Phelix et al, 1994; Silberman et al, 2013) ; however, unlike the NE projections, the DA projections are primarily in the dBNST and form synapses with the CRF neurons in the oval BNST (Freedman and Cassell, 1994; Phelix et al, 1994) . Both DA and NE cause a direct depolarization in CRF neurons in the BNST of mice (Silberman et al, 2013) and an indirect increase in frequency of sEPSCs in the BNST through CRF signaling, but DA and NE are most likely facilitating distinct populations of glutamatergic synapses (Kash et al, 2008; Nobis et al, 2011; Silberman et al, 2013) . On the other hand, there is evidence for some cross-talk between systems. For example, DA has been shown to inhibit glutamatergic input into the BNST by acting on the α 2 -AR (Krawczyk et al, 2011a ). The precise circuitry affected by NEand DA-induced CRF signaling will need to be elucidated in order to better understand their differing roles.
Interestingly, there is some debate over the nature of DA receptor distribution in the dBNST, with various groups reporting the presence or absence of the D1, D2, and D3 receptors in this region (Eiler et al, 2003; Kim et al, 2013; Krawczyk et al, 2011b; Mengod et al, 1992; Savasta et al, 1986; Scibilia et al, 1992) . Using receptor autoradiography and immunohistochemistry, there is little evidence for the presence of the D1 receptor in the dBNST in control animals (Krawczyk et al, 2011a; Savasta et al, 1986) . This is intriguing given evidence that the D1-specific antagonist, SCH 23390, in the BNST dose-dependently reduces alcohol-motivated responding, whereas the D2 antagonist, eticlopride, has no effect (Eiler et al, 2003) . In addition, the Drd1a::cre transgenic mouse that expresses Cre in cells in which D1 is expressed specifically labels the oval nucleus of the BNST (Kim et al, 2013) . As discussed in a previous section of this review, preliminary single-cell RT-PCR results have shown that mRNA for the D1 receptor is specifically expressed in type III CRF neurons of the oval BNST (unpublished observation). It is possible that the mRNA for the D1 receptor is expressed in these neurons without being translated into functional protein under basal conditions. In support of this hypothesis, there is a switch from a D2-mediated response in the dBNST of drug-naive rats to a D1-mediated response in cocaine self-administering rats ............................................................................................................................................................. (Krawczyk et al, 2011b) . In control rats, DA was found to suppress evoked GABA transmission in the dBNST through a presynaptic D2 receptor mechanism (Krawczyk et al, 2011a, b) . However, after prolonged cocaine self-administration, DA acted on D1 receptors to increase IPSC amplitude. Importantly, this switch was not observed in rats that received cocaine passively, emphasizing the involvement of DA in motivated behaviors. Perhaps self-administration of drugs of abuse triggers translation of D1 mRNA in the dBNST into functional protein to mediate drug-motivated behavior. However, if D1 receptors are not functional in drug-naive animals, it is unclear how DA could depolarize CRF neurons in the BNST (Silberman et al, 2013) . Both D2 and D3 receptors are G i -coupled receptors, the activation of which generally enhances G protein-coupled inwardlyrectifying potassium (GIRK) channel activity thereby hyperpolarizing the neuron and preventing synaptic release (Michaeli and Yaka, 2010) . It is more likely that DA acts on the G S -coupled D1 receptor to depolarize the CRF neurons in the BNST. More research needs to be done to clarify the functional expression of DA receptors in the BNST in both naive and drug-exposed animals.
As the similar effects on the local circuit may suggest, DA and NE seem to be involved in similar processes, but the timing of their release indicates that they relay related but separate and sometimes reciprocal signals. In a study looking at the release of DA and NE in response to intracranial selfstimulation (ICSS) in the region of the VTA/substantia nigra, both catecholamines were released into the BNST; however, DA was released into the dBNST in response to cues that predicted reward, whereas NE was not released into the vBNST at these times. Conversely, there was a suppression of extracellular DA during extinction of a lever press being paired with ICSS and an increase in release of NE into the vBNST (Park et al, 2013) . Similarly, in another study, DA release in the dBNST increased in response to intraorallyadministered sucrose but decreased in response to the aversive tastant, quinine . This indicates that DA relays information about obtaining a reward or pleasurable stimulus, whereas NE relays information about the lack of an anticipated reward.
The involvement of DA in reward suggests it plays an important role in drug abuse. Like in the nucleus accumbens shell, drugs of abuse increase extracellular DA in the BNST (Carboni et al, 2000) . Cocaine, nicotine, morphine, and tetrahydrocannabinol (THC; the psychoactive component of cannabis) all increase extracellular signal-related kinase (ERK) activation in the BNST ALG (Valjent et al, 2004) . The ERK pathway plays an important role in synaptic plasticity, learning, and memory, indicating it could be a potential molecular mechanism for the long-lasting effects of drugs of abuse. Importantly, this increase in ERK activation can be blocked with an injection of the D1 receptor antagonist SCH 23390 15 min before drug administration, suggesting DA acts on D1 receptors in the BNST to increase ERK activation (Valjent et al, 2004) . In the striatum, the ERK signaling cascade is activated with simultaneous activation of NMDA and D1 receptors (Valjent et al, 2005) . In this way, the ERK cascade acts as a coincidence detector and is activated during times of high glutamatergic input and DA release. Perhaps the same process is occurring in the BNST. Interestingly, STEP inhibits ERK activity and thereby regulates the duration of ERK signaling (Valjent et al, 2005; Yang et al, 2012) . STEP is specifically expressed in the CRF neurons of the oval BNST, whereas ERK1/2 is found in both cells coexpressing STEP and those not expressing STEP (Dabrowska et al, 2013b) . NMDA and DA have the potential to activate the ERK cascade in all of these neurons, but only the CRF cells contain STEP, the molecular brake for the ERK signal. However, STEP expression in the oval BNST is reduced after chronic stress causing a potential increase in ERK activation with DA present in the BNST (Dabrowska et al, 2013b) . This may be relevant for stress-induced drug seeking, where the loss of the molecular brake on ERK signaling in CRF neurons in the dBNST could contribute to drug craving or the motivation to seek out drugs.
DA interacts with CRF signaling in the BNST to play an important role in stress behavior in other ways as well. For example, a unilateral 6-hydroxydopamine (6-OHDA) lesion causes a hemispheric asymmetry in CRF mRNA expression in the CeA and oval nucleus of the BNST (Day et al, 2002) . This lesion selectively removes the mesostriatal dopaminergic inputs to the brain through use of the neurotoxin 6-OHDA injected into the medial forebrain bundle. The hemisphere with the lesion exhibited reduced CRF mRNA in the oval BNST compared with the hemisphere with the mesostriatal DA system still intact (Day et al, 2002) . Interestingly, there was no effect of the 6-OHDA lesion on ENK mRNA expression in the BNST. As CRF and ENK are expressed in separate cell populations in the BNST, this suggests that the DA system effects mRNA expression in a specific subset of cells, namely the CRF neurons. In addition to promoting CRF expression, DA is involved in facilitating CRF-enhanced startle. The peripheral administration of the D1 antagonist, SCH 23390, attenuates CRF-enhanced startle, a behavior in which the BNST is critically involved (Lee and Davis, 1997; Meloni et al, 2006) . This raises the possibility that CRF kicks off a feed-forward circuit between the BNST and a major source of DA input such as the PAG. In this model put forward by Meloni et al (2006) , CRF acts on CRFR1 to activate CRF neurons in the BNST that then send projections to the PAG. Indeed, the BNST sends strong projections to the PAG including a CRF projection from the oval nucleus (Dong and Swanson, 2004; Dong et al, 2001a, b; Gray and Magnuson, 1992) . CRF depolarizes neurons in the PAG, thereby activating the dopaminergic cells to release DA in the dBNST (Bowers et al, 2003) . DA then acts on D1 receptors in the BNST, particularly on CRF neurons, to further increase CRF release into the BNST (Silberman et al, 2013) . CRF then facilitates glutamatergic transmission into the BNST through its action on presynaptic CRFR1 (Kash et al, 2008; Silberman et al, 2013) . In this way, DA and CRF create a feed-forward circuit that acts to increase CRF signaling and activation of the BNST pathway involved in the startle reflex. The role of DA in appetitive signaling and its interaction with CRF place DA at the intersection of stress and reward. There is little direct evidence that DA is released into the dBNST after a stressor. Activity of DA neurons in the dorsal VTA is primarily decreased by an acute stressor such as a foot-shock (Brischoux et al, 2009 ). However, a smaller group of DA neurons in the ventral VTA is activated by foot-shock, yet it is unknown whether these DA neurons project to the BNST (Brischoux et al, 2009) . Extracellular DA levels increase in the dorsal striatum and nucleus accumbens core during tail pinch and increase in the nucleus accumbens shell only at the termination of tail pinch (Budygin et al, 2012) . This indicates DA is released during both aversive and rewarding stimuli; however, it is still unclear where and when DA is released into the BNST. Social defeat stress and exposure to TMT, a component of fox odor, produces increased c-fos activation in the PAG, possibly indicating an increase in activity of PAG DA neurons that project to the BNST (Janitzky et al, 2014; Miczek et al, 1999) . It is clear that DA cells throughout the brain are activated by different stimuli at different times, and hence the role of DA in the BNST is complex. DA in the BNST seems to both signal reward and facilitate the stress response. Rather than acting to suppress or enhance the anxiolytic or anxiogenic circuit within the BNST, DA seems to facilitate both pathways to modulate motivated behavior.
The BNST not only receives dopaminergic projections, but also sends reciprocal connections to the main sources of dopaminergic input including the PAG and VTA (Dong and Swanson, 2004; Aston-Jones, 2001, 2002; Gray and Magnuson, 1992; Jalabert et al, 2009; Kudo et al, 2012; Jennings et al, 2013; Kim et al, 2013; Silberman et al, 2013) . In addition, the LC and VTA are reciprocally connected, indicating that the release of each of the catecholamines can influence that of the other (Mansari et al, 2010) . Both NE and DA cause an increase in CRF signaling that results in enhancement of glutamatergic signaling into the BNST, including onto neurons that project to the VTA (Silberman et al, 2013) . There is evidence that VTA-projecting neurons in the BNST activate DA neurons in the VTA via an excitatory amino acid pathway Aston-Jones, 2001, 2002) ; however, both glutamatergic and GABAergic neurons in the vBNST project to the VTA and form connections with medial DA neurons as well as non-DA neurons (Kudo et al, 2012; Jennings et al, 2013) . Hence, there is a complex circuit controlling the activity of dopaminergic VTA neurons by the vBNST through both direct and indirect excitatory and inhibitory projections . Activation of the glutamatergic projection from the vBNST to the VTA resulted in aversive behaviors including avoidance of the chamber paired with a rewarding brain stimulation, a reduction in active reward seeking, and an increase in anxiety-like behavior in an open field test. In contrast, activation of the GABAergic projection from the vBNST to the VTA resulted in a combination of behaviors signaling a pleasurable state including preference for the chamber in which the stimulation occurred, active reward seeking, and anxiolytic behavior in an elevated plus maze task . Similarly, stimulation of the projections from the AD BNST to the VTA, also a GABAergic projection, produced a conditioned place preference, indicating activation of this pathway is rewarding (Kim et al, 2013) . GABAergic CRF neurons in the oval nucleus also project to the VTA (Rodaros et al, 2007 ; for a review on the control of VTA-DA neurons by the BNST see Jalabert et al, 2009) . It is still unclear whether the GABAergic and glutamatergic projections from the BNST to the VTA result in an increase or decrease in DA release to the BNST and other regions. With both excitatory and inhibitory projections synapsing on dopaminergic cells, the circuit is not made obvious. In addition, excitatory and inhibitory projections synapse onto non-DA inhibitory interneurons in the VTA (for a review on the heterogeneity of the VTA, see Walsh and Han, 2014) . Indeed, not all VTA DA neurons respond the same way to reward and stress, and therefore it is possible that one pathway from the BNST will increase activity of a subpopulation of DA neurons and inhibit others (Brischoux et al, 2009) . Future experiments will need to isolate the effect of the different projections from the BNST to the VTA on DA cell firing. Of equal importance, new research will need to elucidate the role of DA in the BNST on motivated behavior. As the literature stands, DA is intricately involved in both reward and stress, but the precise mechanism of action is unknown.
Serotonin
The serotonin system is an important target for treatment of affective and anxiety disorders. The most commonly prescribed pharmacological treatments for depression and anxiety disorders are selective serotonin reuptake inhibitors (SSRIs) (Kent et al, 1998; Stokes and Holtz, 1997) . Although SSRIs effectively treat depression in the long term, the therapeutic improvement only occurs after several weeks, and there is an acute effect of SSRI treatment associated with an exacerbation of the expression of fear and anxiety behavior in animals and humans (Burghardt et al, 2004; Grillon et al, 2007 ; for a review on the effect of SSRIs on fear conditioning in rodents, see Burghardt and Bauer, 2013) . Intriguingly, a drug that enhances serotonin reuptake, tianeptine, has also been shown to be an effective antidepressant, specifically in patients with coexisting depression and anxiety (Wilde and Benfield, 1995) . There is evidence that serotonin acts in the BNST to affect anxiety behavior in humans, non-human primates, and rodents alike. Acute tryptophan depletion, causing a reduction in serotonin levels in the brain, significantly increases long-duration anxietypotentiated startle in humans while having no effect on short-duration fear-potentiated startle (Robinson et al, 2012) . The possible role for serotonin in long-duration anxiety and not the phasic fear response implicates the BNST, as it is specifically involved in long-but not short-duration responses (Walker et al, 2009 ). In addition, serotonin transporter (5-HTT) availability in the BNST positively correlates with individual differences in anxious temperament in rhesus monkeys (Oler et al, 2009 ). This could imply that SSRIs affect anxiety in highly anxious individuals by inhibiting excess 5-HTT activity in the BNST, thereby increasing the amount of serotonin in the synapse. Indeed, serotonin fibers innervate both the dBNST and vBNST, with a denser innervation in the dBNST, and appear to make connections with the CRF cells in both of these regions (Commons et al, 2003; Phelix et al, 1992) . The serotonin fibers originate in the dorsal raphe nucleus (DRN), specifically the medial to caudal aspect of the dorsal DRN (DRD) (Petit et al, 1995; Weller and Smith, 1982) . In this region of the DRD, there is a cluster of CRF-containing cell bodies, most of which show dual labeling for serotonin, indicating that both CRF and serotonin could be coreleased into the BNST in some conditions (Commons et al, 2003) . In order to understand the mechanisms behind the actions of SSRIs and to improve pharmacological therapy, a better knowledge of serotonin's actions in the BNST and interaction with CRF is necessary.
Serotonergic neurons of the dorsal raphe are activated in response to uncontrollable stressors such as inescapable footshock, anxiogenic drugs, and social defeat, and CRF mediates this response (Abrams et al, 2005; Amat et al, 2005; Gardner et al, 2005; Hammack et al, 2002; Grahn et al, 1999 ; for a review on the functional neuroanatomy of defined serotonergic systems, see Lowry, 2002) . CRF acts on both CRFR1 and CRFR2 in the DRD to affect serotonin release (Amat et al, 2004; Hale et al, 2010; Kirby et al, 2000 ; for a review on the interactions between CRF and sertonergic systems, see Fox and Lowry, 2013) . At low doses, CRF inhibits firing in the DRN, but at higher doses, CRF becomes excitatory. The CRFR1 antagonist, antalarmin, attenuates the inhibitory effect of CRF at low doses. In contrast, the CRFR2 agonist, urocortin 2 (UCN 2), increases c-fos expression in serotonergic neurons of the DRD that project to limbic regions, including the BNST, and increases serotonin release (Amat et al, 2004; Hale et al, 2010; Staub et al, 2005) . Because CRF has a higher binding affinity for CRFR1 than CRFR2, these data suggest that low levels of CRF inhibit the DRD through the CRFR1 receptor and high levels of CRF activate the serotonergic neurons of the DRD through the CRFR2 receptor. Interestingly, a selective CRFR2, but not CRFR1, antagonist in the DRD blocks the behavioral consequences of uncontrollable stress, indicating CRF acts on CRFR2 in the DRD to facilitate the prolonged activation of serotonergic neurons of the DRD in uncontrollable stress (Hammack et al, 2003) . Importantly, the dBNST and vBNST provide input into the DRD, potentially contributing to the CRF projections there (Peyron et al, 1998) .
The effects of serotonin on BNST circuitry are complex (for a summary, see Table 3 ). Serotonin acts presynaptically in the BNST to modulate glutamatergic transmission (Guo and Rainnie, 2010) . In whole-cell patch-clamp recording experiments, serotonin application reduced the amplitude of evoked EPSCs (eEPSCs), which was accompanied by an increase in paired-pulse ratio. The nonselective 5-HT 1B/D agonist sumatriptan and the selective 5-HT 1B agonist CP93129 both mimicked the effect, whereas the 5-HT 1B antagonist GR55562 attenuated the inhibitory effect of serotonin on eEPSC amplitude (Guo and Rainnie, 2010 ; however see Krawczyk et al, 2011a) . In this way, serotonin release in the BNST after stress may counteract the facilitation of glutamatergic transmission into the BNST caused by CRF. Furthermore, it is possible that 5-HT 1B receptor activation in the BNST limits other transmitter release into the BNST, such as CRF from the CeA, thereby providing an inhibitory control over the anxiety response after a stressor. More research on how serotonin and CRF interact to affect input into the BNST needs to be done to clarify this circuit.
The postsynaptic modulation of neurons in the BNST by serotonin is determined by the specific combination of serotonin receptor subtypes expressed in each individual neuron. The anterolateral BNST expresses mRNA transcripts for the 5-HT 1A , 5-HT 1B , 5-HT 1D , 5-HT 1F , 5-HT 2A , 5-HT 2C , 5-HT 3 , 5-HT 4 , 5-HT 5A , 5-HT 6 , and 5-HT 7 receptors, and the complex response to serotonin mirrors the heterogeneous expression of serotonin receptor subtypes . Bath application of serotonin in the dBNST results in one of (Heisler et al, 2007; Marcinkiewcz et al, 2015) Anxiogenic (Heisler et al, 2007; Kimura et al, 2009) 5-HT 1B Presynaptic inhibition 0% 21% 41% Unknown Aggression and impulsivity (Saudou et al, 1994; Nautiyal et al, 2015) Stress modulation of the BNST SE Daniel and DG Rainnie . Because the depolarizing portion of the 5-HT Hyp-Dep response was rarely large enough to overcome the initial hyperpolarization, the most common response to serotonin application in the dBNST is hyperpolarization Levita et al, 2004) . All of the postsynaptic responses to serotonin are associated with a decrease in membrane resistance and an increase in conductance, suggesting serotonin application results in a facilitation or opening of ion channels (Levita et al, 2004) . In ∼ This current can be attenuated by the 5-HT 2A antagonist MDL 100907, the 5-HT 2C antagonist RS 102221, and/or the 5-HT 7 antagonist SB 269970, indicating that any combination of these receptors can contribute to the depolarization response to serotonin . The complicated pharmacological profile of BNST neurons to serotonin suggests an equally complicated receptor expression pattern. Single-cell RT-PCR was used to screen mRNAs corresponding to the different serotonin receptor subtypes in individual dBNST neurons. Indeed, dBNST neurons exhibited a composite pattern of serotonin receptor gene expression, with some neurons expressing mRNA for one subtype and some expressing mRNA for two or three subtypes. As predicted by the primarily inhibitory nature of serotonin in the BNST, one of the most prominent receptor subtypes is 5-HT 1A , expressed in 41% of neurons tested. The other common receptor subtype is 5-HT 7 , expressed in 46% of neurons, but 23% of those neurons that express 5-HT 7 also coexpress 5-HT 1A , predicting a combined hyperpolarizing and depolarizing response to serotonin. Indeed, the serotonin response profile predicted by the 5-HT receptor mRNA expression was not statistically different from the observed serotonin response profile of the BNST neurons ). Interestingly, the three different cell types in the BNST (types I-III) express different distributions of serotonin receptor subtypes. In short, the type I cells express high levels of 5-HT 1A mRNA, the type II cells express high levels of 5-HT 7 and 5-HT 1A mRNA, and the type III cells express high levels of 5-HT 1A and 5-HT 2C mRNA. As expected, the three cell types respond to serotonin application differently. The type III cells also express mRNA for the 5-HT 1B receptor. As mentioned previously, this receptor is often expressed on axon terminals, indicating that the type III neurons express the 5-HT 1B receptor on terminals in target areas to modulate neurotransmitter release . The type III neurons may also express the 5-HT 1B receptor on local axon terminals, allowing serotonin to modulate local synaptic transmission as well. Interestingly, serotonin has been reported to bidirectionally modulate evoked IPSC (eIPSC) amplitude in the BNST (Krawczyk et al 2011a) . The inhibitory effects of serotonin on eIPSCs can be mimicked by 5-HT 1B agonists and blocked with 5-HT 1B antagonists, indicating that local 5-HT 1B expression in the BNST inhibits GABAergic transmission within the nucleus (unpublished observation). Importantly, the different serotonin receptor expression among the three cell types offers an opportunity for specific modulation of BNST neurons by serotonin ligands. As mentioned above, the type III neurons are mainly CRF neurons, hence drugs targeting the 5-HT 2C or 5-HT 1B receptor may specifically modulate CRF neurons.
The primary action of serotonin in the BNST is to inhibit neurons through both postsynaptic and presynaptic mechanisms. However, the BNST may also play a role in activating the serotonergic DRD neurons themselves. In a review on serotonin's actions in the BNST, Hammack et al (2009) proposed a model in which the activation of the serotonin neurons of the DRD by the BNST forms a negative feedback loop to attenuate anxiety levels in the presence of a stressor. An acute stressor activates the BNST, causing an increase in CRF release in target areas including the DRD. With enough CRF, CRF acts on CRFR2 to increase serotonergic release in limbic regions including the BNST (Amat et al, 2004; Hale et al, 2010; Staub et al, 2005) . Serotonin acts on the BNST in a primarily inhibitory manner, thereby inhibiting further CRF release and attenuating the anxiety response. However, maintaining this negative feedback loop requires the balance of serotonin receptor subtypes in the BNST to remain in favor of inhibition.
In support of this hypothesis, all cell types in the BNST express the mRNA for the 5-HT 1A receptor that causes a hyperpolarizing inhibitory response Hazra et al, 2012) . Single-cell RT-PCR analysis showed that 5-HT 1A is expressed in 63% of type I, 32% of type II, and 41% of type III neurons in the dBNST (Hazra et al, 2012) . In support of the negative feedback hypothesis described above, there is evidence that 5-HT 1A activation in the BNST results in a reduction of anxiety-like behavior. The 5-HT 1 agonist 5-CT infused into the BNST significantly reduced the acoustic startle response in rats, indicating an anxiolytic-like effect (Levita et al, 2004) . Consistent with this observation, cannabidiol (CBD) in the BNST attenuates expression of context fear conditioning and anxiety-like behavior (Gomes et al, 2011 . CBD is a component of cannabis that has been shown to have antipsychotic, antidepressive, and anxiolytic effects, but does not have the psychotomimetic effects of cannabis. CBD can act as a 5-HT 1A agonist as well as block reuptake and degradation of the endogenous cannabinoid anandamide. CBD in the BNST attenuates freezing and fear-induced increase in heart rate and mean arterial pressure (MAP) in a context previously paired with foot-shock. Pretreatment with the 5-HT 1A antagonist, WAY 100635, reduced the behavioral and cardiovascular effects of CBD, indicating that CBD acts through the 5-HT 1A receptor to affect the expression of contextual fear conditioning . CBD in the BNST also decreases anxiety-like behavior in the elevated plus maze and Vogel conflict test through actions on 5-HT 1A receptors. Similarly, the 5-HT 1A receptor agonist, 8-OH-DPAT, also decreased anxiety-like behavior in these tests (Gomes et al, 2011) . CBD also acts through 5-HT 1A receptors in the BNST to modulate the BNST control of the parasympathetic cardiac response (Alves et al, 2010; Gomes et al, 2013) . The BNST has a tonic inhibitory influence on the parasympathetic component of the baroreflex, but during acute restraint stress, the BNST activates the parasympathetic system to modulate the heart rate increase associated with acute stress (Crestani et al, 2006 (Crestani et al, , 2009 . This suggests that the two opposing parallel circuits in the BNST modulate the parasympathetic system in opposing ways during basal and stress states. CBD and 8-OH-DPAT facilitate baroreceptor reflex bradycardia in basal conditions, and this effect is blocked by WAY 100635 (Alves et al, 2010) . This is in agreement with 5-HT 1A activation inhibiting the inhibitory influence of the BNST on parasympathetic response. Similarly, CBD acts through 5-HT 1A receptors in the BNST to enhance the increase in heart rate during restraint stress, consistent with 5-HT 1A activation inhibiting the role of BNST in activating the parasympathetic system to modulate heart rate during acute stress ; for a review on the role of BNST in modulating autonomic functions, see Crestani et al, 2013) . Although 5-HT 1A activation facilitating the increase in heart rate seems in contrast to its role in reducing anxiety, it suggests that individual aspects of the response to acute stress are modulated by different circuits within the BNST, and serotonin affects multiple aspects of the circuit.
In contrast to 5-HT 1A , 5-HT 7 contributes to the depolarization response to serotonin in the BNST. 5-HT 7 is the most commonly expressed serotonin receptor subtype in the BNST; however, it is not expressed in the type III neurons, whereas it is expressed in the majority of type I and type II cells Hazra et al, 2012) . This raises an intriguing question about the functional and behavioral role of the 5-HT 7 receptors in the BNST. If the type III CRF neurons are the anxiogenic projection neurons of the dBNST, then it is likely that type I and/or type II cells provide an inhibitory control over the output of the CRF neurons as described previously. In this case, 5-HT 7 activation could potentially facilitate the inhibition of CRF neurons by activating the local inhibitory circuit. In fact, 5-CT is a mixed 5-HT 1/7 agonist but acts to reduce anxietylike behavior in the BNST . As type III neurons do not express 5-HT 7 , 5-CT would only act on 5-HT 1A receptors, resulting in a hyperpolarizing response. In contrast, perhaps 5-CT has more of a mixed response in type I/II cells that could potentially result in depolarization because of the high prevalence of 5-HT 7 receptors. This could further facilitate the anxiolytic effect of 5-CT by activating the inhibitory control over the type III cells. In this model, 5-HT 7 receptor activation in the BNST would be hypothesized to be anxiolytic, but elsewhere in the brain, blockade of 5-HT 7 receptors produces a fast antidepressive effect (Mnie-Filali et al, 2011; for a review on 5-HT 7 and its role in nervous system disorders, see Hedlund, 2009 ). In fact, pharmacological blockade of the 5-HT 7 receptor has been investigated as a potential antidepressant strategy. Unlike the SSRI fluoxetine, acute administration of the 5-HT 7 antagonist, SB 269970, does not increase anxiety-like behavior in the open field test. In fact, coadministration of SB 269970 with fluoxetine counteracted the anxiogenic-like effect of fluoxetine alone. Furthermore, treatment with SB 269970 significantly reduced immobility time in the forced swim test, an important predictor of a successful antidepressant (Mnie-Filali et al, 2011) . This suggests 5-HT 7 activation in the BNST could potentially act to increase anxiety-like behavior. However, it is important to note that an anxiogenic role of a receptor in other parts of the brain does not mean it cannot play a different role in the BNST. This is a prime example of why it is crucial to better understand the local circuitry of the BNST and the role of specific receptor subtypes.
Along with the 5-HT 7 receptor, the 5-HT 2C receptor also acts in the BNST to depolarize neurons and affect anxietylike behavior. 5-HT 2C knockout mice are deficient in stressinduced activation of dBNST CRF neurons and show lower anxiety-like behavior relative to wild-type mice, indicating 5-HT 2C is involved in facilitating the anxiety response through activation of CRF neurons in the BNST (Heisler et al, 2007) . Unlike the 5-HT 7 receptor, the 5-HT 2C receptor is expressed almost exclusively in the type III putative CRF neurons in the dBNST Hazra et al, 2012) . There is also evidence that serotonin acts on 5-HT 2C receptors in the vBNST to facilitate stress-induced anxietylike behaviors. The potent stressor, CIE exposure, is known to increase general and social anxiety-like behavior in rodents and c-Fos expression in the vBNST. Peripheral injections of the selective 5-HT 2C antagonist, SB 242,084, mitigate the CIE-induced increase in social anxiety-like behavior as well as the increase in c-fos expression in the vBNST (Marcinkiewcz et al, 2015) . As mentioned previously, there is a CRF-dependent increase in glutamatergic input into the BNST after CIE (Silberman et al, 2013) . Perhaps the increase in BNST activation due to CIE causes CRF to be released into the DRD, thereby increasing serotonin activity in the BNST. Serotonin can then act on 5-HT 2C receptors in the BNST (potentially specifically on CRF neurons) to further increase their activity and facilitate anxiety-like behavior. In whole-cell patch-clamp recordings in the vBNST, CIE treatment increased neuronal excitability. These cells were induced to fire significantly more action potentials than neurons from animals not given CIE. This increase in firing rate was blocked with application of the 5-HT 2C antagonist, RS 102221. In addition, bath application of mCPP, a 5-HT 2C agonist, depolarized cells more in the CIEtreated group than control group, indicating enhancement of 5-HT 2C signaling after withdrawal (Marcinkiewcz et al, 2015) . This suggests that serotonin's actions on 5-HT 2C receptors in the BNST can actually create a feed-forward loop to facilitate the anxiety response. However, this feedforward increase in activity would be tempered by serotonin's ability to inhibit BNST activity through actions on 5-HT 1A and 5-HT 1B receptors. Therefore, serotonin's effect on anxiety-like behavior may be critically dependent on the balance of excitatory and inhibitory serotonin receptors in the BNST .
Importantly, chronic stress can alter the serotonin receptor subtype expression in the BNST, thereby potentially drastically altering its effects on the circuitry of the BNST and resulting anxiety-like behavior (Hazra et al, 2012) . After 4 days of unpredictable shock stress (USS), there was a 2.8-fold decrease in 5-HT 1A mRNA, 2-fold increase in 5-HT 1B mRNA, and 3.5-fold increase in 5-HT 7 mRNA in the BNST. Single-cell RT-PCR was also used to characterize the effects of stress on serotonin receptor expression in the different cell types. There was a reduction in the number of neurons expressing 5-HT 1A mRNA across all cell types. As this is the primary inhibitory serotonin receptor, this reduction in expression may impair serotonin's ability to complete the negative feedback loop required to dampen anxiety-like behavior. However, there was also an increase in the number of type III neurons that express the mRNA for the 5-HT 1B receptor after chronic USS (Hazra et al, 2012) . The increase in 5-HT1B expression in type III neurons could potentially act to compensate for the increase in the excitability of type III neurons after stress by inhibiting neurotransmitter release. Finally, more type I and type II cells expressed mRNA for the 5-HT 7 receptor after chronic USS. If 5-HT 7 receptor activation facilitates local inhibitory connections onto the anxiogenic output of the BNST, then this increase in expression could be counteracting the loss of 5-HT 1A expression. On the other hand, if 5-HT 7 activation facilitates the anxiety response, then the increase in 5-HT 7 receptor expression combined with the decrease in 5-HT 1A expression could result in a loss of the negative feedback loop between the BNST and DRD and facilitate serotonin's ability to create a feed-forward increase in BNST activity. Overall, chronic USS seems to cause a shift from inhibitory to excitatory serotonergic control in the BNST after stress, but more research needs to be done to understand the effects of this change on BNST circuitry and the impact on anxiety-like behavior. The behavioral roles and physiological actions of the neuromodulators discussed above are summarized in Table 4 .
STRESS MODULATION OF SYNAPTIC PLASTICITY
Synaptic plasticity is a mechanism by which brain circuits can use prior experience to restructure future responses. Stress is known to cause a long-lasting increase in anxietylike behavior, and as BNST is a crucial structure in modulating both the stress response and anxiety behavior, it is reasonable to predict that stress would cause a long-lasting change in BNST synaptic plasticity. In fact, multiple studies have shown that stress can affect synaptic (25) Inhibits a large portion of the dBNST and depolarizes a small portion of the dBNST (26, 27) The inhibitory/excitatory balance may shift after chronic stress (32) References: (1) Sahuque et al (2006) ; (2) plasticity in the BNST (Conrad et al, 2011; Dabrowska et al, 2013b; Francesconi et al, 2009; Glangetas et al, 2013; McElligott and Winder, 2007) , but the results of these studies are seemingly inconsistent. In this section, we will reexamine these studies in light of how stress interacts with neuromodulators as discussed above and new research on the distinct roles of different BNST subnuclei in modulating anxiety-like behavior. Stress can result in structural and morphological changes in the BNST that are associated with changes in synaptic strength. For example, chronic unpredictable stress causes an increase in BNST but not amygdala volume (Pêgo et al, 2008) . Similarly, there is a significant increase in dendritic branching in the BNST but not the CeA after chronic immobilization stress (Vyas et al, 2003) . These studies suggest that the BNST is uniquely sensitive to significant neuronal plasticity after stress. In addition to gross morphological changes, alterations in glutamatergic receptor content and localization can occur with synaptic plasticity. A recent study looked at the effect of chronic stress on AMPA receptor distribution in the BNST. After 4 days of USS, no significant change was found in the labeling of the AMPA receptor subunit GluR1 in the dBNST. However, there was a trend toward an increase in the ratio of GluR1-labeled spines to GluR1-labeled dendrites after stress (Hubert and Muly, 2014) . This indicates that there may be more AMPA receptors in the spines than other parts of the dendrites after stress. The authors speculate that looking at a specific cell type in the BNST may reveal a significant change in AMPA receptor expression that is being washed out in the average of all cell types in the dBNST. In fact, there is evidence that the type III neurons are more susceptible to stress-induced alterations in plasticity than type I and type II neurons as discussed shortly (Dabrowska et al, 2013b) . Understanding how stress differentially affects the unique components of the BNST circuit will be critical to determining how the BNST contributes to the long-lasting increase in anxiety after chronic stress. It is also possible that stress does not affect AMPA receptor distribution, but rather changes NMDA receptor distribution (Hubert and Muly, 2014) . Indeed, after 4 days of repeated restraint stress, there is a significant increase in protein expression of the NMDA subunit GluN1 (also known as GRIN1) in the synaptic membrane fraction of the dBNST (Dabrowska et al, 2013b) . These changes in receptor distribution and dendritic morphology reflect long-lasting changes in the way the BNST responds to input after stress.
There are multiple studies that have begun to explore how acute or chronic stress modulates the response of the BNST to upstream inputs. Acute stress can cause a 10-Hz stimulation of the medial prefrontal cortex (mPFC) input into the BNST to switch from resulting in LTD to LTP. The functional consequence of this switch from LTD to LTP is unknown; perhaps, it acts to boost the signal of salient events after acute stress (Glangetas et al, 2013) . The BNST serves as a relay between the mPFC and VTA DA neurons. This pathway is under the control of the CB1R that decreases mPFC glutamate inputs in the BNST (Massi et al, 2008) . Interestingly, cannabinoid receptor 1 (CB1) knockout mice did not exhibit stable LTD in baseline conditions or stable LTP after acute stress. In fact, infusion of the CB1 antagonist into the BNST blocked the LTP elicited by stimulation of the mPFC in stressed wild-type mice (Glangetas et al, 2013) . Besides the VTA, the BNST relays to multiple nuclei critically involved in the stress response, and therefore the plastic change of the mPFC to BNST glutamate transmission after acute stress will undoubtedly affect more than the VTA DA system.
Whereas acute stress can cause a switch from LTD to LTP, chronic stress has been shown to cause a LTD in the BNST. As mentioned previously, chronic restraint stress can cause LTD of the eEPSC in the BNST that is dependent on α1-ARs (McElligott et al, 2010) . This LTD changes the set point for the response to future incoming stimuli. Because this LTD is maintained by a postsynaptic loss of function of CPAMPARs, it is possible that different neurons in the BNST could experience different relative levels of LTD. The neurons that are incorporated into the circuit to reduce anxiety could experience a more significant depression than those in the anxiogenic pathway, thereby shifting the balance of the opposing circuits. On the other hand, the LTD could reduce the input that activates the anxiogenic circuit. In addition, it is possible some synapses will be depressed more than others in the same neuron, causing the cell to respond more or less to different inputs. Isolating the different inputs into the BNST and the different cell types within the BNST through optogenetic and other molecular techniques will help to decipher how chronic stress affects the multiple circuits within the nucleus.
A few studies have examined how LTP in the BNST changes in response to stress. In unstressed animals, type III cells in the dBNST achieve a significantly lower magnitude of LTP in response to high-frequency stimulation than both type I and type II cells; however, after 4 days of repeated restraint stress, type III cells achieve a significantly higher magnitude of LTP than type III cells of nonstressed animals. In contrast, there is no significant change in the magnitude in type I and type II cells after stress. This cell type-specific change in LTP is at least partially because of STEP downregulation after chronic stress (Dabrowska et al, 2013b) . STEP is a known modulator of synaptic plasticity by dephosphorylating subunits of the NMDA receptor promoting their internalization (Goebel-Goody et al, 2012) . In fact, STEP has been reported to regulate LTP in the amygdala, and the downregulation of STEP is thought to play a role in the etiology of stress-induced anxiety disorders (Paul et al, 2007; Yang et al, 2012) . As mentioned previously, STEP is specifically expressed in CRF neurons in the dBNST. Importantly, rats that underwent repeated restraint stress showed less STEP mRNA and protein expression than controls, and there was a reduction in the number of type III cells that expressed the mRNA for STEP (Dabrowska et al, 2013b) . Consequently, NMDA receptor dephosphorylation and internalization by STEP is attenuated. This evidence supports the idea that type III cells are buffered against LTP by STEP in control conditions; however, the loss of STEP after chronic stress makes them more susceptible to LTP induction. In support of this theory, intracellular administration of STEP abolished the stress-induced increase in LTP magnitude but had no effect in control animals (Dabrowska et al, 2013b) . These data suggest that type III CRF neurons of the oval BNST are protected against overactivation during an acute stressor. Interestingly, a systemic injection of interleukin-1β, an immune challenge that activates the BNST, results in c-fos activation of ENK but not CRFcontaining neurons (Day et al, 1999) . This could be a result of the inhibitory influence of STEP buffering the CRF cells against activation due to a single stressor. Loss of this buffer would cause ectopic CRF cell activation resulting in overactivation of the anxiogenic pathway in the BNST.
Not all studies have shown an increase in LTP magnitude in the BNST after stress. In mice, both chronic treatment with cortisol and chronic social isolation caused an increase in anxiety-like behavior as measured in the elevated zero maze and open field test; however, there was a corresponding blunting of LTP in both groups (Conrad et al, 2011) . In addition, there was significant blunting of LTP in animals that underwent an acute social isolation stressor (24 h instead of 6 to 8 weeks), although there was no effect of the acute social isolation on anxiety-like behavior. This suggests that the physiological changes because of stress precede the behavioral outcome. It is unknown why chronic stress in one case causes an increase in LTP magnitude in a population of cells in the dBNST, whereas another shows that chronic stress results in a decrease in LTP magnitude in the dBNST (Conrad et al, 2011; Dabrowska et al, 2013b) , but there are many differences in the experiments that could contribute to this discrepancy. For example, although both studies were performed ex vivo, Dabrowska et al (2013b) used single-cell patch-clamp recordings, whereas Conrad et al (2011) used extracellular field potential recordings. In addition, the nature of the stressor was different; in the experiment performed by Dabrowska et al (2013b) , the rats underwent 1 h of restraint stress for 4 consecutive days, whereas the mice in this experiment were either given 10 days of cortisol treatment or 6 to 8 weeks of social isolation. Other studies have shown different effects on the BNST from different types of stressors; for example, dorsal and ventral CRF mRNA both increase after an intermittent foot-shock stressor but are differentially affected by social defeat and yohimbine (Funk et al, 2006) . Not all stressors have the same behavioral or physiological effect. Another potentially crucial difference between these experiments is the delay after the end of the stressor until the collection of the data. In the paper by Dabrowska et al (2013b) , there were 6 days between the last day of restraint stress and recording, whereas in the paper by Conrad et al (2011) , there were only 24 h between the end of the stressor and data collection. It is possible that the 6-day-delay allowed for a necessary incubation period during which there are long-term changes to the circuit. The time course and mechanism of these different changes in synaptic plasticity after stress need to be studied more to better understand the effect stress has on the circuit.
Another study showed withdrawal from alcohol and other drugs of abuse caused a long-lasting impairment in a different form of LTP in the juxtacapsular BNST, longterm potentiation of intrinsic excitability (LTP-IE) (Francesconi et al, 2009 ). Importantly, this study only included neurons in the juxtacapsular portion of the BNST (see Figure 1b) . However, there is not a well-defined line between the juxtacapsular and oval portion of the BNST. Therefore, it is likely that the population sampled in the study performed by Francesconi et al (2009) was not entirely separate from the population sampled in Dabrowska et al (2013b) , but rather overlapped to some unknown degree. Like stress, withdrawal from drugs of abuse is characterized by an increase in anxiety-like behavior, and drug withdrawal is known to be a potent stressor. In this study, a highfrequency stimulation of the stria (100 Hz for 1 s repeated five times with 10 s intervals) does not result in a long-lasting increase in the excitatory postsynaptic potential, but rather a long-lasting decrease in the threshold for action potential and corresponding increase in temporal fidelity of spiking. Protracted withdrawal from alcohol in alcohol-dependent rats leads to a significant reduction in LTP-IE in the BNST (Francesconi et al, 2009 ). This was replicated in withdrawal from cocaine and heroin, as well as with repeated ICV administration of CRF. In addition, treatment with the selective CRFR1 antagonist R121919 during withdrawal restored LTP-IE in alcohol-dependent rats. The authors conclude with a model in which the BNST acts as a brake on the CeA. When the BLA is active during times of stress or drug craving, the BNST can undergo LTP-IE, and with that an increase in temporal fidelity of firing, thus providing a bigger inhibitory control on the CeA, the output of the amygdala. But with drug dependence, or with chronic CRF and potentially chronic stress, there is a reduced capacity for LTP-IE, as well as reduced temporal fidelity in firing, making the BNST a less efficient brake on the CeA, resulting in increased emotional arousal (Francesconi et al, 2009 ). However, this conclusion needs to be reexamined in light of new evidence for opposing circuits of the BNST-one that promotes and another that inhibits anxiety (Kim et al, 2013; Jennings et al, 2013) . Although there was no reported difference in the effect of protracted withdrawal on the different cell types, the loss of LTP-IE could have a relatively different effect on type III, putative CRF cells than type I and II cells. Type II cells in the oval nucleus of the BNST have a significantly lower threshold for action potential than type III cells in the oval and no significant difference in threshold than the type I cells (unpublished observation). In addition, type III cells have a lower resting membrane potential than both type I and type II cells (Hammack et al, 2007) . If all of the cells in the BNST have a similar decrease in threshold after LTP-IE, type III cells will still be harder to activate than the type I and II cells. In fact, the authors report that there was a significant reduction in threshold for all three cell types in the BNST (type I, 5.63 ± 1.4 mV(t = − 4.04, Po0.01, n = 6); type II, 5.22 ± 1.0 mV (t = − 5.49, Po0.01, n = 6), and type III, 3.52 ± 1.0 mV (t = − 3.44, Po0.05, n 4)), but they do not directly compare the reduction in threshold between cell types. A one-way ANOVA using the average reduction in threshold, SD, and sample size for the three cell types provided shows a significant difference between cell types (Po0.05, F = 4.160). Furthermore, Tukey's multiple comparison test showed type III cells had a significantly lower reduction in threshold than type I cells (Po0.05). This might be consistent with a role for STEP in buffering type III cells against both forms of potentiation, classic LTP and LTP-IE, and move the threshold for type III cells further away from that of type I and type II. Perhaps, only the type I and type II cells are the 'brake' on the CeA. A more detailed knowledge of the circuit between the BNST and CeA as defined by electrophysiological cell type would help clarify this possibility. If the type I and type II cells are the 'brake' on the CeA and the type III cells promote an anxiety response, the lower threshold for action potential in the type I and type II cells could increase their ability to inhibit anxiety. But after withdrawal, or potentially chronic stress, this reduction in threshold is impaired, but the relative action potential thresholds between the cell types remain intact. However, as Dabrowska et al (2013b) suggests, the type III neurons may have lost STEP, an inhibitor of LTP. In this scenario, type I and type II cells will not be able to act as the proper brake on the CeA, and the type III CRF cells of the dBNST would have lost their intrinsic brake on plasticity, resulting in a shift in the balance of the opposing circuits in the BNST from anxiolytic to anxiogenic.
CLINICAL IMPLICATIONS
Research across species, from mice and rats to non-human primates and humans, is now highlighting the importance of the BNST in anxiety and addiction. For example, Pleil et al (2015) found an effect of chronic alcohol drinking on the BNST that was conserved between mice and monkeys. Importantly, recent neuroimaging studies have shown that the connectivity of the BNST in humans is in large part similar to that of rodents and non-human primates, with the addition of connections between the BNST and more rostral cortical areas such as the orbitofrontal cortex (Avery et al, 2014; Krüger et al, 2015) . Functional imaging studies have shown that the BNST is hyperactive in patients with generalized anxiety disorder (Yassa et al, 2012) and in patients with specific phobias (Straube et al, 2007) , consistent with a role for the BNST in pathological anxiety in humans. As we increase our understanding of the computing power of the BNST based on knowledge about discrete microcircuits and distinct cell types and how they are affected by stress, we hope to identify novel targets to pharmacologically manipulate portions of the circuit for clinical intervention. For example, targeted manipulations aimed to enhance the activity of STEP may lead to a novel treatment strategy for anxiety disorders as it has been shown to play an important role in the modulation of CRF cell plasticity (Dabrowska et al, 2013b) . In addition, learning more about the role of specific serotonin receptor subtypes and how they change after stress may help to find pharmacological agents that could act to enhance the antidepressive and anxiolytic effects of SSRIs by blocking 5-HT receptors that may facilitate anxiogenic circuits. This review only begins to scratch the surface of the complex effects neuromodulators have on the BNST (for a brief summary see Table 4 ). Defining models of microcircuits within the BNST, like that depicted in Figure 1d , will allow clinical research to hone in on therapies that can act to maintain the critical balance between opposing pathways.
Beyond treatments for anxiety and depression, modulating the circuitry of the BNST has the potential to reveal possible treatments for drug addiction. With both aversive and rewarding pathways that are sensitive to stress modulation, the BNST is a prime target for intervention to prevent stressinduced drug recidivism. Learning more about how DA and norepinephrine affect different portions of the BNST circuit during drug use, withdrawal, and stress may help to find pharmacological agents that could buffer the detrimental effects of stress in recovering drug addicts thereby preventing relapse. As we learn more about these separate cell populations and their particular role in the circuitry of the BNST, future clinical studies will be able to better select drugs that can target the appropriate circuit for modulation.
FUTURE RESEARCH DIRECTIONS
With more precise molecular tools now available to dissect circuits in the BNST on the cellular level, the field has begun to move beyond the notion that the BNST has a univalent effect on anxiety-like behavior. Consequently, we must now extend these observations to examine how stress and drugs of abuse may affect the opposing portions of the circuit to modulate behavior. The use of optogenetic strategies, like those used in experiments by Kim et al (2013) and Jennings et al (2013) , will be crucial in furthering our understanding of the role of specific inputs into the BNST as well as the local circuitry of the nucleus. These tools are made even more powerful by transgenic animals expressing Cre in specific cell populations, allowing for targeted expression of viral vectors (for a review on the use of optogenetic strategies in the BNST, see Sparta et al, 2013) . The DREADDs will also be useful in teasing apart the behavioral role of specific cell types within the BNST as done in Pleil et al (2015) . Moreover, our increasing knowledge of distinct cell types within the BNST and how they are affected by stress may be used to pharmacologically isolate portions of the circuit for clinical intervention.
Finally, future research will need to investigate how individual differences within the BNST circuit contribute to resiliency or sensitivity to chronic stressors. Clearly, not all people who experience chronic stress develop an anxiety disorder. Evidence suggests that the BNST mediates interindividual variation in anxiety-like behavior and generalization of fear in rats (Duvarci et al, 2009 ) and primates (Fox et al, 2010; Kalin et al, 2005; Oler et al, 2009) ; however, little is known about how this variation is coded in the circuit. Future research should investigate individual variation in anxiety behavior, stress response, and drug addiction, and aim to define electrophysiological and molecular correlates of these characteristics in the BNST. This will help to further narrow down potential targets for pharmacological intervention in people suffering from affective and anxiety disorders.
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